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(54)  Testable  integrated  circuit  with  reduced  power  dissipation 

(57)  An  integrated  circuit  includes  a  plurality  of  in- 
ternal  devices  that  are  tested  by  setting  the  states  of 
their  data  registers  to  respective  levels,  first  forming  a 
known  initialization  value  and  then  a  functional  data  val- 
ue.  All  the  data  registers  used  for  testing  are  coupled  as 
one  or  more  shift  registers  and  by  clocking  data  through 

a  serial  scan  path,  test  stimuli  can  be  shifted  in  and  re- 
sults  shifted  out.  The  scan  path  connections  are  provid- 
ed  in  addition  to  the  usual  functional  operation  signal 
connections.  During  functional  operation,  the  data  tran- 
sitions  in  the  scan  path  signals  are  disabled  to  reduce 
the  power  dissipation  associated  with  driving  the  scan 
path  signals. 
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Description 

The  present  invention  relates  to  large  scale  inte- 
grated  circuits  and  more  particularly  to  an  integrated  cir- 
cuit  using  a  serial  scan  test. 

A  method  used  for  testing  integrated  circuits  is  the 
scan-path  built-in  test  structure  approach.  There  are 
many  variations  to  this  approach  including  multiplexed 
scan,  clocked  scan,  and  level  sensitive  scan  design. 
When  incorporating  scan-path  capability  into  an  inte- 
grated  circuit  (IC),  standard  register  devices  are  re- 
placed  with  modified  test  registers  which  have  a  test 
mode  of  operation.  Figure  1  shows  such  a  test  register 
10  for  a  scan-path  structure.  The  test  register  10  has  a 
test  data  input  TDI  for  receiving  test  data  input  signals 
1  1  ,  in  addition  to  the  regular  functional  data  input  D,  for 
receiving  functional  data  signals  12.  Conventional  scan 
enable  SE  and  clock  inputs,  for  receiving  scan  enable 
signals  1  3  and  clock  signals  1  4,  and  a  data  output  Q  for 
output  signals  15,  are  also  provided.  A  series  of  such 
test  registers  are  connected  together  to  form  a  serial 
shift  register  or  registers  allowing  test  data  to  be  loaded 
into  all  the  registers  in  a  memory  or  other  device  to  set 
up  conditions  for  testing.  Figure  2  shows  an  exemplary 
circuit  incorporating  scan-path  testing.  After  loading  test 
data  into  the  test  registers  of  a  device  the  same  scan- 
path  path  can  be  used  to  observe  the  result  by  serial 
shifting  out  the  state  of  the  registers.  Controllability  and 
observability  of  internal  circuit  nodes  is  achieved  in  this 
manner  and  is  used  for  the  purposes  of  fault  detection. 
The  integrated  circuit  may  be  partitioned  for  testing  pur- 
poses  into  one  or  more  serial  shift  register  chains. 

As  seen  in  Figure  2  conventional  scan-path  circuits 
are  implemented  by  connecting  the  output  signal  15 
from  one  register  30  to  the  test  data  input  TDI  of  another 
register  32.  In  addition  to  this  connection,  needed  for 
scan-path  capability,  the  output  signal  1  5  of  one  register 
(30)  is  also  coupled  to  the  functional  data  input  D  of  an- 
other  register  (32)  through  combinatorial  logic  or  regis- 
ters  34  to  achieve  the  logic  and  control  functions  de- 
sired. 

A  source  of  power  dissipation  in  an  integrated  circuit 
is  the  charging  and  discharging  of  capacitances  which 
occurs  when  logic  signals  go  through  transitions  from  a 
high  to  a  low  voltage  state  or  a  low  to  a  high  voltage 
state.  The  circuit  interconnections  between  gates  and 
the  MOS  transistors  forming  gates  both  have  capaci- 
tance  that  is  charged  and  discharged  when  logic  signals 
transition.  When  scan-path  signal  paths  are  added  to  an 
IC,  there  is  an  increase  in  the  capacitance  being  driven 
due  to  the  increase  in  the  length  of  the  interconnection 
and  the  additional  gate  load  at  the  test  data  input  of  the 
test  register.  Thus,  an  increase  in  total  power  dissipation 
is  experienced  when  scan-path  capability  is  incorporat- 
ed  into  an  IC.  In  a  large  scale  integrated  circuit  there  are 
many  such  paths  that  contribute  to  increased  power  dis- 
sipation. 

Further  background  on  scan-path  testing  is  de- 

scribed  in  Chapter  6  of  Submicron  ASIC  Products  De- 
sign  for  Testability  Reference  Guide  1  993,  published  by 
Texas  Instruments. 

In  accordance  with  the  present  invention,  the  stand- 
5  ard  data  registers  of  devices  in  an  integrated  circuit  are 

converted  to  low  power  consumption  test  registers  by 
providing  them  with  a  test  data  output,  in  addition  to  the 
functional  data  output,  and  arranging  them  in  a  scan 
path  test  structure  wherein  the  scan-path  mode  control 

10  is  used  to  enable  or  disable  signal  transitions  of  the 
scan-path  signal  paths.  The  test  data  output  from  one 
scan-path  capable  register  provides  a  separate  control- 
lable  test  data  output  signal  to  the  test  data  input  of  an- 
other  such  test  register  to  form  a  testable  shift  register. 

is  The  test  data  output  signal  is  disabled  by  adding  a  gating 
device  which  holds  the  scan-path  signal  at  a  constant 
logic  level.  When  the  devices  are  in  the  operational  or 
functional  mode  the  signal  transitions  of  the  scan-path 
signal  paths  are  disabled.  In  this  way  the  additional  pow- 

20  er  dissipation  from  charging  and  discharging  the  capac- 
itance  in  the  scan-path  paths  is  avoided  when  the  device 
is  in  the  functional  mode. 

The  present  invention  provides  an  integrated  circuit 
device  with  a  scan-path  test  structure  having  reduced 

25  power  dissipation. 

FIG.  1  is  a  scan-path  test  register  in  accordance 
with  the  prior  art; 

30  FIG.  2  is  a  circuit  diagram  showing  a  scan  path  test 
structure  as  known  in  the  prior  art; 

FIG.  3  is  a  scan-path  test  register  in  accordance 
with  an  embodiment  of  the  present  invention; 

35 
FIG.  4  shows  the  details  of  a  test  register  in  accord- 
ance  with  the  embodiment  of  FIG.  3; 

FIG.  5  is  a  circuit  diagram  showing  an  integrated 
40  circuit  device  in  accordance  with  an  embodiment  of 

the  present  invention; 

FIGS.  6  and  7  show  alternative  forms  of  the  gating 
device  of  FIG.  4;  and 

45 
FIG.  8  is  a  circuit  diagram  of  a  representative  inte- 
grated  circuit  gate  showing  the  transistor  level  con- 
struction  as  known  in  the  prior  art. 

so  As  seen  in  FIG.  3,  a  test  register  20  in  accordance 
with  the  invention  is  provided  with  a  separate  controlla- 
ble  test  data  output  TDO  for  coupling  a  test  data  output 
signal  on  line  16  to  another  test  register  as  an  input  to 
its  test  data  input  TDI,  thus  forming  a  testable  shift  reg- 

55  ister. 
Fig.  5  shows  an  improved  circuit  construction  of  an 

integrated  circuit  device  embodiment  of  the  present  in- 
vention  including  test  data  registers  of  the  type  shown 
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in  Figure  3.  Test  register  20  accepts  a  functional  data 
input  at  input  D  and  a  clock  signal  when  operating  in  the 
functional  mode.  Upon  the  transition  of  the  clock  signal 
from  low  to  high,  the  data  level  present  on  the  D  input 
is  transferred  to  the  output  Q.  When  operating  in  the 
functional  mode,  the  test  data  output  (TDO)  state  does 
not  change  when  the  clock  signal  transitions.  Output  Q 
of  register  20  is  connected  to  combinatorial  logic  24  in 
a  manner  that  implements  the  desired  logic  function  of 
the  circuit.  Register  22  accepts  a  signal  from  combina- 
torial  logic  24.  Combinatorial  logic  24  also  receives  input 
signals  from  other  parts  of  the  logic  circuit  and  has  out- 
puts  to  other  parts  of  the  logic  circuit  which  are  not 
shown  and  described  in  detail  here  as  they  form  no  part 
of  the  invention. 

When  operating  in  the  scan-path  mode,  register  20 
accepts  a  test  data  input  signal  at  TDI  and  a  clock  signal, 
and  transfers  the  data  level  present  on  the  TDI  input  to 
the  output  Q  and  to  test  data  output  TDO.  The  TDO  out- 
put  signal  from  register  20  is  coupled  on  line  16  to  the 
TDI  of  register  22  which  coupling  forms  a  basic  shift  reg- 
ister.  In  order  to  load  a  desired  state  of  registers  20  and 
22,  the  scan  enable  signal  to  their  inputs  SE  is  asserted 
to  enable  the  scan-path  mode.  A  serial  data  stream  rep- 
resenting  the  logic  levels  desired  is  presented  to  the  first 
register  of  the  scan  chain,  register  20  in  this  example. 
The  clock  signal  is  transitioned  once  for  each  data  bit  to 
serially  clock  the  data  through  the  registers.  This  oper- 
ation  can  be  extended  to  any  number  of  registers  (20, 
22,  etc.)  connected  in  series  to  achieve  a  desired  size 
for  the  shift  register.  The  resulting  state  of  the  shift  reg- 
ister  constitutes  a  known  initialization  value,  which  may 
be  in  the  form  of  all  Os,  or,  for  example,  if  an  internal 
counter  is  to  be  set  to  a  specific  value,  that  value  may 
be  used.  At  the  completion  of  the  serial  load  operation 
the  registers  have  the  desired  initialized  logic  state.  The 
scan  enable  signal  is  then  de-asserted  to  put  the  regis- 
ters  back  into  the  functional  mode  of  operation.  The 
clock  signal  is  now  transitioned  the  desired  number  of 
times  to  execute  the  circuit  function  and  put  the  registers 
in  another  logic  state.  The  value  of  this  logic  state  will 
constitute  a  predictable  functional  value.  At  this  point  the 
clock  is  stopped,  the  scan  enable  signal  is  asserted 
again,  and  the  clock  is  transitioned  to  serial  clock  the 
register  values  out  the  TDO  of  register  22,  i.e.,  the  last 
register  in  the  shift  register.  During  this  shifting  operation 
new  register  values  may  be  shifted  in  for  a  subsequent 
test.  The  functional  values  read  out  of  the  shift  register 
are  then  input  to  a  comparator  component  50  for  use  in 
a  device  testing  operation.  The  values  read  from  the  reg- 
isters  of  the  given  device  tested  are  compared  with  the 
values  computed  or  generated  for  a  properly  functioning 
device  in  the  comparator  component  50.  Faults  are  in- 
dicated  where  the  values  from  the  device  under  the  test 
differ  from  the  expected  values.  When  a  defective  de- 
vice  is  detected  in  this  manner,  since  the  proper  initial- 
ization  and  predictable  values  are  known,  it  may  be  pos- 
sible  to  determine  exactly  where  the  fault  lies. 

Fig.  4  shows  the  detail  of  a  test  register  in  accord- 
ance  with  the  present  invention.  A  multiplexer  42  acts 
as  a  data  selector  to  select  whether  the  functional  data 
input  D  or  the  test  data  input  TDI  is  passed  in  response 

5  to  the  level  of  the  scan  enable  signal.  The  selected  data 
input  signal  is  passed  to  a  flip-flop  44.  When  a  low  to 
high  transition  occurs  on  the  clock  signal  the  data 
present  at  the  D  input  of  flip-flop  44  is  transferred  to  its 
output  Q.  The  flip-flop  44  can  alternatively  be  designed 

10  to  be  responsive  to  a  high  to  low  transition  of  the  clock 
signal  with  the  same  result.  In  general,  an  integrated  cir- 
cuit  will  contain  both  forms  of  flip-flop.  The  Q  output  is 
coupled  to  other  circuit  elements  as  required  for  the  op- 
eration  of  the  circuit  in  the  functional  mode.  The  Q  output 

is  is  further  connected  to  a  gating  device  46  which  is  ena- 
bled  under  control  of  the  scan  enable  signal.  When  the 
scan  enable  signal  is  enabling  scan-path  testing,  the 
gating  device  46  passes  the  flip-flop  Q  output  to  the  test 
data  output  TDO.  The  TDO  of  this  register  is  connected 

20  to  the  TDI  of  other  registers  to  form  one  or  more  shift 
registers  as  required  for  the  operation  of  the  circuit  in 
the  scan-path  test  mode. 

The  gating  device  46  can  be  implemented  using  a 
MOSFET  47  as  a  transmission  gate.  An  active  level  on 

25  the  gate  terminal  of  the  MOSFET  47  will  put  the  MOS- 
FET  47  in  a  low  impedance  state  and  pass  the  signal. 
An  inactive  level  on  the  gate  terminal  of  the  MOSFET 
47  will  put  the  MOSFET  47  in  a  high  impedance  state 
and  block  the  signal.  The  TDI  of  the  succeeding  stage 

30  of  the  scan-path  is  generally  a  conventional  MOSFET 
gate,  such  as  shown  in  FIG.  8  having  P  and  N  channel 
gates  52  and  54,  respectively.  Such  a  gate  must  be  driv- 
en  to  a  high  or  low  level  and  cannot  be  left  in  a  discon- 
nected  state  as  would  be  the  case  when  MOSFET  47  is 

35  at  high  impedance.  For  this  reason  a  pull-up  component 
48  is  provided  in  the  gating  device  46  to  pull  the  inactive 
TDO  signal  to  a  high  level.  Alternatively,  a  pull-down 
component  49  can  be  used  to  pull  the  inactive  TDO  sig- 
nal  to  a  low  level.  Pull-up  or  pull-down  devices  can  be 

40  implemented  using  resistors  or  MOS  transistors  as 
known  in  the  art.  The  gating  device  46  can  also  be  im- 
plemented  using  AND  or  OR  logic  gates,  46'  or  46",  as 
shown  in  FIGS.  6  and  7,  respectively.  However,  the 
transmission  gate  implementation  of  FIG.  4  has  the  ad- 

45  vantage  of  eliminating  the  capacitive  load  associated 
with  the  input  stage  of  the  AND  or  OR  gate  implemeta- 
tionsof  FIGS.  6  and  7,  thus  achieving  greater  power  dis- 
sipation  savings,  so  that  it  is  preferred. 

The  present  invention  includes  any  novel  feature  or 
so  combination  of  features  disclosed  herein  either  explicitly 

or  any  generalisation  thereof  irrespective  of  whether  or 
not  it  relates  to  the  claimed  invention  or  mitigates  any 
or  all  of  the  problems  addressed. 

In  view  of  the  foregoing  description  it  will  be  evident 
55  to  a  person  skilled  in  the  art  that  various  modifications 

may  be  made  within  the  scope  of  the  invention. 

3 
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Claims 

1  .  A  serial  scan  test  structure  comprising: 

latching  means,  having  a  data  input,  a  select  s 
input,  a  test  input,  and  a  data  output,  for  receiv- 
ing  a  select  signal  at  said  select  input  and  a  da- 
ta  signal  at  said  data  input  and  latching  said  da- 
ta  signal  to  said  data  output  when  said  select 
signal  is  in  a  first  state,  and  for  receiving  a  test  10 
signal  at  said  test  input  and  latching  said  test 
signal  to  said  data  output  when  said  select  sig- 
nal  is  in  a  second  state;  and 

gating  means,  having  a  test  output  along  with  15 
first  and  second  inputs  coupled  respectively  to 
said  data  output  and  select  input  of  said  latch- 
ing  means,  for  coupling  said  data  output  to  said 
test  output  when  said  select  input  is  in  said  sec- 
ond  state  and  for  decoupling  said  data  output  20 
from  said  test  output  when  said  select  input  is 
in  said  first  state. 

mode  of  operation,  said  mode  of  operation 
comprising  a  functional  mode  and  a  test  mode; 

a  clock  input  for  receiving  a  clock  signal; 

a  functional  data  output  for  outputting  a  func- 
tional  data  signal; 

a  test  data  output  for  outputting  a  test  data  sig- 
nal;  and 

a  gating  circuit,  responsive  to  said  scan  enable 
signal  and  connected  to  the  functional  data  out- 
put,  for  inhibiting  the  output  of  said  functional 
data  signals  and  delivering  a  test  data  signal  to 
said  test  data  output  when  said  test  mode  is  se- 
lected,  and  inhibiting  the  output  of  said  test  data 
signals  and  delivering  a  functional  data  signal 
to  said  functional  data  output  when  said  func- 
tional  mode  is  selected,  whereby  power  dissi- 
pation  by  said  test  data  signal  is  reduced  when 
said  functional  mode  is  selected. 

2.  The  structure  of  claim  1  wherein  said  latching 
means  comprises: 

a  multiplexer  having  a  data  input,  a  select  input, 
a  test  input,  and  a  data  output,  for  receiving  said 
select  signal  at  said  select  input  and  said  data 
signal  at  said  data  input  and  latching  said  data 
signal  to  said  data  output  when  said  select  sig- 
nal  is  in  a  first  state,  and  for  receiving  said  test 
signal  at  said  test  input  and  latching  said  test 
signal  to  said  data  output  when  said  select  sig- 
nal  is  in  a  second  state;  and 

a  flip-flop  connected  between  said  multiplexer 
and  said  gating  means  for  receiving  said  data 
output  from  said  multiplexer  and  coupling  it  to 
said  first  input  of  said  gating  means. 

3.  The  structure  of  claim  1  or  2  wherein  said  gating 
means  comprises  a  transmission  gate  or  a  logic 
gate. 

4.  An  integrated  circuit  having  a  scan  path  capable  of 
being  tested  with  reduced  power  dissipation,  com- 
prising: 

a  functional  block  comprising: 

a  functional  data  input  for  receiving  a  functional 
data  signal; 

a  test  data  input  for  receiving  a  test  data  signal; 

a  scan  enable  input  for  receiving  a  scan  enable 
signal,  said  scan  enable  signal  selecting  a 

5.  An  integrated  circuit  as  in  claim  4  further  compris- 
es  ing: 

a  plurality  of  said  functional  blocks  connected 
to  each  other  in  a  predetermined  manner  such 
that  the  test  data  output  of  one  said  functional 

30  block  is  connected  to  the  test  data  input  of  a 
successive  said  functional  block  to  form  a  shift 
register,  the  state  of  which  shift  register  is  de- 
termined  by  said  test  data  signal  when  said  test 
mode  is  selected;  and 

35 
wherein  when  said  functional  mode  is  selected 
the  state  of  said  shift  register  is  determined  by 
said  functional  data  signal  and  said  test  data 
signal  is  disabled  in  said  shift  register. 

40 
6.  An  integrated  circuit  as  in  claim  5  further  compris- 

ing: 

means  for  initializing  said  shift  register  by  se- 
45  lecting  said  test  mode  to  determine  its  state 

with  said  test  data  signal; 

means  for  changing  the  state  of  said  initialized 
shift  register  by  selecting  said  functional  mode 

so  to  determine  its  state  with  said  functional  data 
signal;  and 

means  for  reading  out  said  changed  state  of 
said  shift  register  and  comparing  said  changed 

55  state  with  a  predetermined  state. 

7.  The  circuit  of  claim  4  further  comprising  a  plurality 
of  said  functional  blocks  connected  to  each  other  in 

4 
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a  predetermined  manner  such  that  the  test  data  out- 
put  of  one  said  functional  block  is  connected  to  the 
test  data  input  of  a  successive  said  functional  block 
to  form  a  shift  register,  and  wherein  said  functional 
blocks  further  comprise:  s 

means  for  controlling  said  gating  circuit  to  out- 
put  a  test  data  signal,  in  response  to  said  scan 
enable  signal  selecting  said  test  mode,  to  pro- 
vide  an  initialization  state  in  said  shift  register;  10 

means,  responsive  to  said  scan  enable  signal 
selecting  said  functional  mode  after  said  test 
mode  has  provided  an  initialization  state  in  said 
shift  register,  to  replace  said  initialization  state  15 
with  a  functional  data  state  by  providing  func- 
tional  data  signals  to  said  shift  register;  and 

forming  a  functional  data  path  for  said  function- 
al  data  output  signals  to  produce  a  functional 
test  state  of  said  test  registers;  and 

reading  out  the  value  of  said  functional  test 
state  from  said  test  registers  and  comparing  it 
with  a  value  of  a  desired  functional  state, 
whereby  with  said  test  path  operation  being  dis- 
abled  during  said  functional  mode  of  operation 
power  dissipation  in  said  scan  chain  is  reduced. 

10.  The  method  of  claim  9  wherein  said  functional 
blocks  are  provided  with  separate  test  data  inputs 
and  said  test  data  path  is  formed  in  a  predetermined 
manner  by  connecting  said  separate  test  data  out- 
puts  to  said  separate  test  data  inputs  in  successive 
functional  blocks. 

means  for  reading  out  the  value  of  said  func- 
tional  data  state  from  said  shift  register  and  20 
comparing  said  functional  data  state  value  with 
a  preselected  value  indicative  of  a  desired  func- 
tional  data  state. 

8.  The  circuit  of  any  one  of  claims  5  to  7  wherein  said  25 
gating  circuit  comprises  a  transmission  gate  or  a 
logic  gate. 

9.  A  method  of  reducing  power  dissipation  in  an  inte- 
grated  circuit,  comprising  functional  blocks  includ-  30 
ing  test  registers  using  scan  chains,  comprising  the 
steps  of: 

11.  The  method  of  claim  9  or  1  0  wherein  said  functional 
blocks  are  provided  with  separate  functional  data 
outputs  and  functional  data  inputs  and  said  func- 
tional  data  path  is  formed  in  said  second  predeter- 
mined  manner  by  connecting  said  separate  func- 
tional  data  outputs  to  said  separate  functional  data 
inputs  in  successive  functional  blocks. 

12.  The  method  of  claim  9,  10  or  11  wherein  said  step 
of  enabling  a  test  mode  of  operation  in  said  func- 
tional  blocks  and  disabling  a  functional  mode  of  op- 
eration  comprises  supplying  a  scan  enable  select 
signal  to  a  multiplexer  in  each  of  said  functional 
blocks. 

enabling  a  test  mode  of  operation  in  said  func- 
tional  blocks  and  disabling  a  functional  mode  35 
of  operation; 

producing  test  data  output  signals  from  sepa- 
rate  test  data  outputs  provided  in  said  function- 
al  blocks  during  said  test  mode  of  operation;  40 

13.  The  method  of  any  one  of  claims  9  to  12  wherein 
said  steps  of  clocking  serial  data  through  said  test 
registers  comprise  supplying  a  scan  enable  select 
signal  to  a  gating  circuit  in  each  of  said  functional 
blocks. 

14.  An  integrated  circuit  test  register  comprising: 

clocking  serial  data  through  said  test  registers 
of  said  functional  blocks  by  connecting  said 
functional  blocks  in  a  predetermined  manner  to 
form  a  scan  chain  comprising  a  test  data  path  45 
for  said  test  data  output  signals  to  produce  an 
initialized  test  state  of  said  test  registers; 

disabling  the  test  mode  of  operation  to  disable 
the  operation  of  said  test  path  and  enabling  the  so 
functional  mode  of  operation;  and 

producing  functional  data  output  signals  from 
said  functional  blocks  during  said  functional 
mode  of  operation;  55 

clocking  serial  data  through  said  test  registers 
connected  in  a  second  predetermined  manner 

selecting  means,  responsive  to  a  selecting  sig- 
nal,  for  selecting  between  a  functional  signal 
and  a  test  signal  and  outputting  the  selected 
ohe  of  the  functional  and  test  signals; 

register  means,  coupled  to  said  selecting 
means,  for  receiving  the  selected  one  of  the 
functional  and  test  signals  and  storing  a  digital 
data  value  therefor; 

gating  means,  coupled  to  said  register  means, 
for  enabling  signal  transitions  and  responsive 
to  said  selected  one  of  the  functional  and  test 
signals  to  enable  signal  transitions  when  said 
test  signal  is  selected  and  disable  said  signal 
transitions  when  said  functional  signal  is  select- 
ed;  and 

5 
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means  for  comparing  the  values  read  from  the 
registers  with  values  generated  by  a  properly 
functioning  device  to  determine  if  there  are  dif- 
ferences. 

5 
15.  An  integrated  circuit  test  register  as  in  claim  14 

wherein  said  selecting  means  comprises  a  multi- 
plexer. 

16.  An  integrated  circuit  test  register  as  in  claim  14  or  10 
15  wherein  said  register  means  comprises  a  flip- 
flop  circuit. 

17.  An  integrated  circuit  test  register  as  in  any  one  of 
claims  1  4  to  1  6  wherein  said  gating  means  compris-  15 
es  a  transmission  gate  or  a  logic  gate. 

18.  An  integrated  circuit  test  register  as  in  any  one  of 
claims  1  4  to  1  7  wherein  said  gating  means  compris- 
es  means  for  inputting  said  selecting  signal  thereto.  20 

19.  A  serial  scan  test  structure  comprising: 

latching  means  for  selectively  coupling  a  data 
input  to  a  data  output  responsive  to  the  state  of  25 
a  select  signal:  and 
gating  means  for  selectively  decoupling  the  da- 
ta  output  from  a  test  output  responsive  to  the 
state  of  the  select  signal  such  that  the  test  out- 
put  is  decoupled  from  the  signal  on  the  data  out-  30 
put  if  the  data  input  is  coupled  to  the  data  out- 
put. 

35 
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